Identification of mitochondrial and non-mitochondrial glutaminase within select neurons and glia of rat forebrain by electron microscopic immunocytochemistry.
Antibodies against the mitochondrial enzyme glutaminase (EC 3.5.1.2), have been used in previous immunocytochemical studies to help identify glutamate-releasing neurons among all glutamate-containing neurons. The studies were based on the idea that glutaminase is enriched within the releasable "transmitter" pools of glutamate. However, evidence is also available to suggest that the enzyme does not occur exclusively within glutamate-releasing neurons. Thus we sought to determine whether glutaminase was immunocytochemically detectable within presynaptic terminals forming asymmetric (putatively excitatory) synapses or, alternatively, occurs in association with mitochondria throughout the cell. For this purpose, we examined the cellular and subcellular distribution of glutaminase- immunoreactivity in neocortical (visual and somatosensory) areas known to contain glutamatergic perikarya. This localization was compared with the distribution in striatal (caudate-putamen and nucleus accumbens) regions recognized to contain high densities of glutamatergic terminals but fewer, if any, glutamatergic perikarya. Glutaminase-immunoreactive perikarya were numerous within the infragranular laminae of neocortex (approximately 1 per 1,000 microns 2 tissue area) but sparse within the caudate-putamen nuclei and accumbens nuclei (less than 1 per 20,000 microns 2.). In addition, heterogeneous distribution of small (less than 1 microns) punctate immunoreactive structures was notable. Relatively high densities of these punctate structures occurred within the supragranular laminae of neocortex, dorsolateral quadrant of the caudate-putamen nuclei, and surrounding certain groups of myelinated fiber bundles throughout the striatum. Electron microscopy revealed diffusely distributed peroxidase immunoreactivity in a select population of dendritic spines, glial processes, and axons. Eight percent of all synapses within the supra-granular laminae were formed by terminals labeled for glutaminase. These principally formed asymmetric junctions on spiny processes. When tissue was incubated with the antibody in the presence of a permeabilizing agent, Photo-flo, high levels of glutaminase immunoreactivity was detectable by electron microscopy within select mitochondria of neocortical (4%) and striatal (8%) perikarya and dendrites, while the diffuse distribution of immunoreactivity within axons and glia was greatly diminished. The differential ultrastructural conditions provide direct demonstration that glutaminase in brain occurs in at least two forms discriminable by their diffuse distribution within non-mitochondrial cytoplasm versus discrete localization within mitochondria. The morphological characteristics of synapses formed by axons exhibiting diffuse distributions of glutaminase immunoreactivity are consistent with the idea that glutaminase-enriched terminals mediate excitatory chemical transmission via the release of glutamate. Because glia containing glutaminase occur juxtaposed to the asymmetric junctions, the glia may utilize neuronally released glutamate for energy metabolism.